To investigate the pathogenicity of T cells infiltrating in the rheumatoid joints, mononuclear cells (MNC), predominantly T cells, isolated from either synovial fluid or synovial tissues of the patients with RA were transferred into severe combined immunodeficient (SCID) mice by intraarticular injections. According to our observations in this experimental system, patients with RA could be classified into at least two groups. In one group of patients, the infiltrating MNC induced synovial hyperplasia in the recipient SCID mice (the positive group). Whereas, in the other group no synovial hyperplasia was observed (the negative group). The induction of synovial hyperplasia observed in the positive group was prevented by an anti-human CD3 antibody (OKT3), indicating T cell mediation. Analysis of T cell receptor (TCR) Vf8 usage by reverse transcriptase polymerase chain reaction in the infiltrating MNC transferred into SCID mice revealed a marked skew towards the preferential use of certain Vj3 genes, which was not seen in the peripheral blood MNC, in only the positive group. The patterns of TCR/V, skew were not uniform among the patients. The analysis of the PCR-amplified genes of such skewed TCR/ VfJ by single strand conformational polymorphism showed distinct bands, indicating that the T cell populations expanding in rheumatoid joints of the positive group were oligoclonal. Furthermore, the enrichment of the T cell populations expressing such skewed TCR/Vj3 by in vitro stimulation of peripheral blood MNC of the patients with the relevant superantigen enabled the induction of synovial hyperplasia in the SCID mice. These results suggest that the pathogenic T cells could be activated locally in rheumatoid joints by certain antigens in some, but not in all patients with RA. (J.
Introduction
RA is one of the most common chronic inflammatory diseases characterized by destructive polyarthritis (1) . Although the eti-ology of RA remains unknown, an autoimmune process is thought to be involved in the pathogenesis. Considerable evidence has been accumulated for the critical role of T cells in the initiation and perpetuation of RA (2) . (a) Activated T cells, specifically the CD4+ phenotype, predominate in the infiltrating mononuclear cells (MNC)' of the rheumatoid joints (3) (4) (5) (6) (7) .
(b) Susceptibility to RA is associated with particular alleles (DR4) of the MHC class II genes (8-1I1) . (c) Partial elimination or inhibition of T cells by immunosuppressive drugs and anti-T cell antibodies can ameliorate the disease (12) (13) (14) (15) (16) . In the mouse model such as collagen-induced arthritis (CIA), the disease process is T cell mediated, necessitating a particular combination of TCR/V13 genes and MHC class II genes and the efficacy of anti-TCR/V13 therapy has been demonstrated (17) (18) (19) (20) (21) . These observations suggest that a similar scenario may be taking place in human RA. In fact, the TCR/V,3 repertoire in the infiltrating T cells of the patients with RA has been extensively studied using a variety of techniques, such as anti-TCR/V/3 antibodies, RFLP, and PCR (22) (23) (24) (25) (26) (27) (28) (29) (30) . However, as to the question of whether there is a preferential use of certain V,/ genes in the infiltrating T cells, no clear answer has yet been provided. This may be caused by the pathogenetic heterogeneity of RA because the clinical features of individual patients with RA vary and the diagnosis of RA is made according to the standard criteria (31 ) . Moreover, recent investigations using the mice carrying and expressing the transgenes of inflammatory cytokines (32) and retrovirus (33) suggest non-T cell-mediated mechanism of the pathogenesis of RA. Therefore, the strategy to identify the pathogenic T cells in RA by the analysis of TCR/V/3 repertoire could be applied for some, but not all patients, in whom the pathogenesis of RA is thought to be T cell mediated. However, there have been no particular means how to distinguish between the patients with RA, whose pathogenesis is T cell mediated or not. Mosier et al. and McCune et al. demonstrated the reconstitution of human immune response in severe combined immunodeficient (SCID) mice by the transfer of either human peripheral blood MNC (PBMNC) or lymphoid tissue (34, 35) . Recently, in multiple sclerosis (MS) which is thought to be a T cellmediated autoimmune disease as well as RA, we have demonstrated the development of MS like pathology, including demyelination localized in the central nervous system, in SCID mice by transferring MNC infiltrating in cerebrospinal fluid of the patients with MS (36) . Therefore, it may be possible to investigate the pathogenicity of T cells infiltrating in the rheumatoid joints using such cell transfer experiments in SCID mice. Figure 1 . The representative histopathological changes observed in the injected SCID mice. SF or synovial tissue were obtained from the affected joints of the patients with RA. The MNC were prepared from the synovial samples, as described in Methods. 1.0 x 106 MNC were transferred into SCID mice by intraarticular injections at the knee joints of posterior legs. 4 or 8 wk after cell transfer, injected mice were killed with anesthesia. Bilateral knee joints of posterior legs were removed and fixed in buffered formalin. After decalcified and embedded in paraffin, seven serial sections were cut at 3 ym thickness. Sections were stained with hematoxylin and eosin and subjected to histopathological examinations. The histopathological changes characterized with villous changes of synovium with proliferation of synovial cells, angiogenesis, and infiltration of inflammatory cells were observed in the injected joints of the SCID mice.
In this study, we investigated the pathogenicity of T cells infiltrating in the rheumatoid joints by transferring the MNC from synovial fluid (SF) or synovial tissue obtained from the affected joints into SCID mice. In the patients with RA, whose T cells could transfer the RA-like pathology, the TCR repertoire of the T cells infiltrating in the joints was investigated by analysis of TCR/V,6 genes usage using reverse transcriptase PCR (RT-PCR).
Methods
Patients and synovial samples. Human experimentation (use of patients SF and synovial tissues) in this study was approved on May 27, 1992 by the Ethical Committee of Osaka University Medical School. We obtained samples from 41 patients with informed consent according to the guidelines of the Ethical Committee. All patients with RA fulfilled the 1987 standard diagnostic criteria proposed by the American Rheumatism Associations, being followed at either Osaka-Minami National Hospital or the Department of Medicine III, Osaka University Medical School. SF were obtained by intraarticular puncture. Synovial tissues were obtained from the affected joints at the surgical treatments. At the time of sampling all patients had active inflammatory disease.
Isolation of MNC (synovial fluid mononuclear cells
[SFMNC], synovial tissue infiltrating mononuclear cell [SI-MNCJ) from synovial samples. Single cell suspensions were prepared from synovial samples (SF or synovial tissues) by enzymatic treatment. Briefly, SF was incubated with 5 U/ml of heparin (Novo Nordisk A/S, Bagsvaert, Denmark) and 5 U/ ml of hyaluronidase (Mochida Pharmaceutical Co. Ltd., Tokyo, Japan) for 20 min at 37°C. In the case of synovial tissues, they 41 patients with RA were transferred into SCID mice by intraarticular injections. As a control, the MNC from SF of five patients with non-RA inflammatory arthropathies and either PHA-activated or nonactivated PBMNC from seven healthy volunteers were transferred into the SCID mice in exactly the same way. 4-8 wk after the injections, all mice were killed with anesthesia and the bilateral knee joints of the posterior legs of the mice were removed. Histopathological examinations of each sample were performed in seven serial sections stained with hematoxylin and eosin. The incidence of synovial hyperplasia was presented by the ratio of the positive mice to the total injected mice. The positive mice were judged by the incidence of synovial hyperplasia in at least one out of two injected joints of the individual mouse.
were minced into small pieces and treated with 0.2 mg/ml of DNase ( Cell transfer into SCID mice by intraarticular injections. 1.0 x 105 -1.0 x 106 MNC, suspended in 50 ,ul of HBSS, were transferred into SCID mice by intraarticular injections with a 28-gauge needle syringe at the knee joints of the bilateral posterior legs.
Histopathological examinations. 4-8 wk after the cell transfer, the SCID mice were killed with anesthesia. Bilateral knee joints of the posterior legs of the mice were removed and fixed in 10% buffered formalin for 3 d, and decalcified in 25% formic acid and 10% sodium citrate for two or three days. After decalcification, the samples were embedded in paraffin and cut serial seven slices at 3 um thickness. The serial sections were stained with hematoxylin and eosin, subjected to histopathological examinations.
FACS® analysis ofMNC (SFMNC and SIMNC)from synovial samples. 1 X 105 MNC were stained with the labeled monoclonal antibodies specific for CD3, CD4, CD8, CD14, CD19, CD25, and HLA-DR (Becton Dickinson Immunocytometory Systems, Mountain View, CA). Cell staining was determined using a FACScan® flow cytometer (Becton Dickinson Immunocytemetory Systems). The data were analyzed using the Consort 30 software program (Becton Dickinson Immunocytemetory Systems). Analysis of TCR/Vf3 genes usage in the infiltrating MNC (SFMNC, SIMNC) and PBMNC. Total RNA were prepared from the MNC using acid guanidinium thiocyanate-phenolchloroform (AGPC) method as described elsewhere (37) , subjected to the synthesis of the first cDNA strand by reverse transcriptase and oligo-dT. The reaction was stopped by heating at 95°C before PCR. The cDNA were amplified by PCR with a relevant V/3 specific oligomer or 5 '-CB oligomer, and 3' C/3 oligomer (38) . The number of cycles were determined for each cDNA to ensure that the amount of products proportional to the amount of V,6 specific mRNA present in the original sample.
The number of PCR cycles used in this experiment was from 33 to 37. Within this difference of PCR cycle, the result could not be altered. PCR was carried out on a DNA thermal cycler (Perkin-Elmer Cetus Corp. Norwalk, CT) according to the following: for the denaturing step, at 94°C for 1 min; for the annealing step, at 60°C for 1 min; for the extension step, at (44) . To examine the differences for the clinical characteristics between the positive and the negative groups, the disease duration, c-reactive protein, and rheumatoid factor were statistically analyzed with the Wilcoxon-Mann-Whitney U test. The mean of the disease duration of the positive group was shorter than that of the negative group (P < 0.05). The others had no significant differences between both groups. To examine whether or not T cells mediate the induction of such synovial hyperplasia observed in the SCID mice injected with the infiltrating MNC from the patients of the positive group, the MNC from affected joints were injected into the knee joints of posterior legs in the presence of 100 Mg/ml of either OKT3 or isotype-matched control (murine IgG2a). 4 wk after the injection, mice were killed with anesthesia and subjected to histopathological examinations. The histopathological changes were graded as described in Fig. 2 . In patient 5, synovial hyperplasia were observed in 3 out of 10 joints in five mice injected with murine IgG2a. On the other hand, synovial hyperplasia as graded 1 was observed in 1 out of 10 joints in five mice of the OKT3-treated group. In patient 6, synovial hyperplasia was observed in 7 out of 10 joints in five mice of the murine IgG2a-treated group and in only 1 out of 10 joints in five mice of the OKT3-treated group. Thus, the incidence and the severity of synovial hyperplasia were markedly decreased in the mice injected with OKT3 compared to the control.
72°C for 1 min. The quantitative analysis of the amplified prod, ucts with the 32P end-labeled 3' primers ( washed with HBSS solution four times. Before the cell transfer, enrichment of the T cell populations expressing such skewed TCR/VO (V/12, V,/13) was confirmed by the analysis of TCR/VB genes usage using RT-PCR. As a control, PBMNC from the same individual were cultured with 2 ,ug/ml of PHA as a nonspecific stimulation without enrichment of such populations in exactly the same condition. Then, 1.0 x 106 MNC from each cell culture were transferred into SCID mice in exactly the same way described above. 4 wk after the cell transfer, the injected mice were killed with anesthesia and subjected to histopathological examinations.
Reagents. Hyaluronidase was obtained from Mochida Pharmaceutical Co. Ltd). OKT3 was from Janssen-Kyowa Co. Ltd., Tokyo, Japan.
Statistics. Clinical characteristics of patients, such as disease duration, C-reactive protein (CRP) and rheumatoid factor, were statistically analyzed using the Wilcoxon-Mann-Whitney U test.
Results
Induction of synovial hyperplasia in the SCID mice. To investigate the pathogenicity of T cells infiltrating in the rheumatoid joints, MNC, predominantly T cells, isolated from synovial samples (SF or synovial tissues) of 41 patients with RA were transferred into SCID mice by intraarticular injections. Although, we examined the incidence of arthritis in the mice by daily observations of clinical signs such as swelling, limitation of range of motion, and disturbance of gait after the transfer, no such clinical signs were observed. Then, 4-8 wk after the injections all mice were killed with anesthesia. The bilateral knee joints of the posterior legs of the mice were removed and subjected to histopathological examinations. Some of the mice injected with the infiltrating MNC developed histopathological changes in the synovium characterized with thickening, villous changes of synovial lining cells, and proliferation of sublining cells as shown in Fig. 1 . The proliferating synovial cells were stained by immunohistochemistry with anti-murine MHC class I antigen (H-2K) antibody, indicating that they derive from the mice. No human leukocytes could be detected in the lesions by immunohistochemistry with anti-CD45 antibody (data not shown). However, human DNA was detected in the joints injected with human MNC 4 wk after the cell transfer by PCR using the primer for human specific Alu (39) (data not shown), indicating that human MNC could exist in the injected joints for at least 4 wk.
On the other hand, mice injected with either mitogen (PHA) activated or nonactivated PBMNC from seven healthy volunteers did not develop such synovial hyperplasia, indicating the histopathological changes observed in the SCID mice injected with the infiltrating MNC unlikely result from graft vs host reactions (Table I ). The traumatic effects of articular injections are also unlikely to the cause of such observations, because multi-injections did not develop such synovial hyperplasia (Table I). Moreover, MNC of SF from the five patients with non-RA inflammatory arthropathies did not induce such synovial histopathological changes either, suggesting that our observations seem to be specific for RA (Table I) . Interestingly, in some, but not all patients (11 out of 41 patients) studied, such synovial hyperplasia were observed (Table I) . In other words, the patients with RA studied in this experiment could be classified into at least two groups. One is the group of the patients, whose infiltrating MNC induced synovial hyperplasia in the recipient SCID mice (the positive group). The other is the group without induction of synovial hyperplasia (the negative group). To investigate the factors for successful induction of synovial hyperplasia, the following were analyzed, (a) disease duration, (b) radiographical stages of the disease, (c) C-reactive protein, (d) rheumatoid factor. As a result, the mean duration of the disease of the patients in the positive group was significantly shorter than that of the negative group. However, the other factors had no significant difference between the two groups (Table II) . The severity of the synovial hyperplasia varied among the mice injected with the MNC from the individual patients in the positive group. Then, these synovial hyperplasia could be graded from grade 0 to grade 3 as shown in Fig. 2 . The synovial hyperplasia graded as 1 is characterized with thickening of the synovial lining cells with hypertrophy. Although such changes are minimal, they were never observed in the mice injected with the MNC from either the patients of the negative group or those with non-RA inflammatory arthropathies. Therefore, even grade 1 synovial hyperplasia is significant.
Prevention of the induction of synovial hyperplasia by murine monoclonal anti-human CD3 antibody (Table III) Fig. 3 , a marked skew (> 20% of relative expression of VP to C/3) towards the preferential use of certain VP genes in the infiltrating MNC was observed in the patients of the positive group, whereas no skew was seen in the PBMNC obtained simultaneously from individual patients. In Fig. 4 , a few distinct bands in the smear were seen in the gels (two bands in V1314 of patient 1, one band in V,68 in patient 2, two bands of VB12 and V,613
as an isotype matched control. 4 wk after the injection, the mice of patient 3), indicating that the T cell populations expanding were killed with anesthesia and subjected to histopathological in the rheumatoid joints of patients of the positive group were examination. The histopathological changes are graded as de-oligoclonal. scribed above (Fig. 2) . In patient 5, synovial hyperplasia was Induction ofsynovial hyperplasia in the SCID mice by transobserved in 3 out of 10 joints (one for grade 1, one for grade fer of T cell populations stimulated with a relevant superanti-2, and one for grade 3) in five mice injected with control murine gen. To examine the pathogenicity of the T cell populations IgG2a. On the other hand, in five mice injected with OKT3 expressing certain skewed TCR/VB in the rheumatoid joints, synovial hyperplasia graded as 1 was observed in only 1 out of the PBMNC from the patients of the positive group were trans-10 joints. In patient 6, synovial hyperplasia was observed in 7 ferred into SCID mice after in vitro stimulation with a relevant out of 10 joints (5 for grade 1 and 2 for grade 2) in five mice superantigen. PBMNC isolated from patient 3, whose SFMNC treated with the control antibody. However, synovial hyperplashowed a preexisting TCR/VP skew (V/312 and V,313), were sia graded as 1 was observed in only 1 out of 10 joints in five cultured with SEC2. SEC2 is known as a superantigen that can mice treated with OKT3. Thus, the incidence and the severity stimulate T cell populations with TCR/VB12 or V313 (41) . of synovial hyperplasia were markedly decreased in the mice After the in vitro SEC2 stimulation, the PBMNC showed a injected with OKT3 compared to the control, indicating T cell TCR/VP skew (Vf312 and Vf613) similar to that of SFMNC. mediation in the induction of synovial hyperplasia observed in Then, those stimulated PBMNC were transferred into SCID the SCID mice.
mice. As the result of experiment 1 shown in Fig. 5 , those FACS® analysis of the infiltrating MNC from the patients PBMNC stimulated with SEC2 induced synovial hyperplasia of the positive and negative groups. The FACS® analysis of the mimicking that induced by the infiltrating MNC (SFMNC). On infiltrating MNC injected into the SCID mice was performed the other hand, PBMNC stimulated with PHA, which could not using the labeled monoclonal antibodies specific for CD3, CD4, make such TCR/V,Bs skew, did not induce such histopathologi-CD8, CD14, CD19, CD25, and HLA-DR in the representative cal changes. This result suggests that the selective stimulation patients (8 patients for each group). As shown in Table IV , the of T cell populations expressing such skewed TCR/V/3s induce FACS® analysis revealed the predominance of T cells in both synovial hyperplasia. Accidentally, in experiment 1, we obgroups. The phenotypic characteristics, such as the CD4/CD8 served a different TCR/V/3 skew (V,84, V,65) in the PBMNC ratio and the expression of activation markers (CD25 and HLA-before in vitro stimulation, which had not been seen in the DR), had no significant difference between the two groups.
PBMNC (the upper panel of Fig. 5 To examine the pathogenicity of the T cell populations with expressing certain TCR/VN, skew, which were expanding in the rheumatoid joints * Cfi C of the positive group, the PBMC of the patients of the positive group were transferred into SCID mice after in vitro stimulation with a relevant superantigen. Briefly, PBMC isolated from two of the patients of the positive group (patient 3 and patient 5), whose SFMNC showed a preex--isting V,612 and V,/13 skew, were cultured with 10 ng/ml of SEC2, which is known as a superantigen to stimulate T cell populations expressing such skewed TCR/Vfls (V,6312, V/313) in complete medium m X i (10% FCS RPMI-1640) for 4 d. Before the cell transfer, enrichment of T cell populations expressing TCR/V,/ (V/i 12, VI13) was confirmed CZ = <by the analysis of TCR/V/3 genes usage using RT-PCR. As a control, 0°P BMC from the same individual were cultured with 2 ,tg/ml of PHA > , r as a nonspecific stimulation without enrichment of such populations in 0i tic O exactly the same condition. Then, 1.0 x 106 MNC from each cell culture U (a were transferred into SCID mice in exactly the same way described z .
above. 4 wk after cell transfer, the injected mice were killed with anesthesia. The bilateral knee joints of posterior legs of the mice were removed and subjected to histopathological examinations. PBMC from e 3 patient 3 and patient 5, whose SFMNC showed a preexisting V,612 and 0U~.~! co z 0 V,613 skew, stimulated with SEC2-induced synovial hyperplasia in the O S :t, SCID mice, although PBMC stimulated with PHA did not induce such histopathological changes. Moreover, PBMC from either the patient 1 5 .= >whose SFMNC showed a preexisting different skew (V,614) or two to X 2healthy volunteers stimulated with SEC2 did not induce. 
Discussion
Considerable evidence has been accumulated for the critical role of T cells in the initiation and perpetuation of RA. Moreover, in the murine model such as collagen-induced arthritis (CIA), the disease process is T cell mediated, necessitating a particular combination of TCR/V/3 genes and MHC class II genes and the efficacy of anti-TCR/V,6 therapy has been demonstrated. These observations suggest that a similar scenario may be taking place in human RA. In fact, to detect the pathogenic T cells, analysis of TCR/V/3 repertoire on the T cells infiltrating in the rheumatoid joints has been extensively studied using a variety of techniques, such as anti-TCR/V,3 antibodies, RFLP, and PCR. However, with regard to a preferential use of certain TCR/ V,6 genes in the infiltrating T cells no clear answer has yet been provided. This might be caused by the heterogeneity of the pathogenesis of RA. Because the clinical features of individual patients vary and the diagnosis is made only by the standard criteria. Moreover, recent investigations using the mice carrying and expressing the transgenes of inflammatory cytokines and retrovirus suggest non-T cell-mediated mechanism of the pathogenesis of RA. Therefore, the analysis of TCR/VP repertoire could be applied for some but not all patients, in whom the pathogenesis is thought to be T cell mediated.
In this study, we demonstrated the induction of synovial hyperplasia, which mimicked the histopathological changes observed in patients with RA at the early stages of the disease, in the SCID mice transferred with the infiltrating MNC of the rheumatoid joints by intraarticular injections. The mice injected with either MNC of SF from the patients with other inflammatory arthropathies or mitogen (PHA) -activated PBMNC from healthy volunteers did not develop such synovial hyperplasia, indicating that the synovial histopathological changes observed in the mice injected with the infiltrating MNC of rheumatoid joints were not due to graft vs. host reactions. The traumatic effects of articular injections were also unlikely to cause these observations, since multiple injections did not develop such synovial histopathological changes. Taken together, our results indicated that the MNC infiltrating in the rheumatoid joints could induce synovial hyperplasia in SCID mice. Immunohistochemistry in the lesions of the SCID mice revealed that the proliferating synovial cells derive from the mice. No human cells (mainly T cells) could be detected by immunohistochemistry with monoclonal antibodies to CD45 and CD3, although clusters of mononuclear cells were observed in some of the synovial hyperplastic lesions of the positive mice. One of the considerable explanations is that the antigenicity of the surface molecules such CD45 and CD3 might be affected during the procedures of the fixation and the decalcification of the samples for histopathological examinations. Therefore, we tried to detect human DNA in the total DNA extracted from the injected joints using PCR with primers for human specific Alu. We could detect human DNA at 4 wk after the cell transfer. This suggests the presence of human MNC in the injected joints for at least 4 wk after the injection. On the other hand, Sacks et al. reported that the intraarticular injections of single cell suspensions from synovial membrane of patients with RA did not induce formation of inflammatory focus or persistence of human cells except for a few hours (42). Although without definitive reasons for the difference between our result and Sacks', there were some considerable explanations. (a) It seems likely that they failed to detect synovial changes due to their histopathological examinations in only three slices of each sample. Because the severity of the synovial histopathological changes varied and they were sometimes minimal. On the other hand, we injected multiple mice with SFMNC or SIMNC from the same individual and examined at least seven serial slices of each sample. (b) They did the transfer experiments in only five patients. This number of the patients seems not to be sufficient to select the positive patients. Because the synovial hyperplasia was induced in the SCID mice only by cell samples from a limited population of patients with RA. (c) They searched for synovial histopathological changes during only a couple of days after the cell transfer. Our observations seem to be time dependent. We have not observed such synovial hyperplasia during the early days.
The predominance of T cells in the MNC injected into SCID mice suggested that the induction of synovial hyperplasia observed in the SCID mice might be T cell mediated. Indeed, the prevention of the induction of synovial hyperplasia in this experimental system by an anti-human CD3 antibody (OKT3) strongly suggested the T cell mediation.
Interestingly, in some, but not all patients with RA studied, the induction of such synovial hyperplasia was observed. According to the observations in this experimental system, patients with RA could be classified into at least two groups. One is the group of the patients, whose T cells infiltrating in the rheumatoid joints could induce synovial hyperplasia (the positive group). On the other hand, the other is the group did not display the induction of synovial hyperplasia (the negative group). Although false negative cannot be excluded completely because of the limitations of the technique such as histopathological examinations and injections, the possibility of false positive is unlikely because of the following reasons. (a) As mentioned before, the synovial hyperplasia observed in this experimental system could not be induced by nonspecific effects, such as graft vs host reactions and traumatic effects of articular injections. And the MNC of SF from patients with non-RA inflammatory arthropathies did not induce such synovial hyperplasia, either. Thus, such observations seem to be specific for RA. (b) The repeated experiments in some patients of the positive group (patient 3 and patient 4) showed the reproducibility of induction of synovial hyperplasia in this experimental system. In contrast, the repeated injections in the negative group could not induce the synovial hyperplasia. According to the comparison of clinical characteristics of patients between the positive group and the negative group, only the disease duration could be correlated with the induction of synovial hyperplasia. The mean disease duration of the positive patients is significantly shorter than that of the negative patients. This suggests that "pathogenic" T cells are present in synovial fluid or tissue of the affected joints at the early stages of the disease and they might contribute to the initiation of the disease.
Therefore, we concluded that the strategy to detect the pathogenic T cells in RA by the analysis of TCR/V/ repertoire could be applied only for the positive group. The analysis of the usage of TCR/VJ genes by RT-PCR in the infiltrating MNC transferred into SCID mice revealed a marked skew towards the preferential use of certain Vf3 genes, which was not seen in the PBMNC, in only the positive group. The patterns of skewed TCR/V/3s were not uniform among the patients. This may reflect the presence of plural causative antigens in RA. For instance, in multiple sclerosis, a T cell-mediated autoimmune disease as well as RA, plural autoantigens, such as MBP (my-elin basic protein) and PLP (proteolipid protein), are thought to be pathogenetic. If this is true, the patients of the positive group could be divided into subgroups according to the causative antigens. Indeed, the skew of TCR/V/3s (V,812, Vf13) in patient 3 was also seen in patient 5. In this study, there were no significant correlations between the skewed TCR/V/3s and MHC class II antigens(HLA-DR). The analysis of PCR-amplified genes of such skewed TCR/V/i? by SSCP indicated that the T cell populations expanding in the rheumatoid joints of patients of the positive group were oligoclonal. Furthermore, the expansion of the T cell populations expressing such skewed TCR/ V/3s by in vitro stimulation of PBMNC with the relevant superantigen in the patients of the positive group enabled the induction of synovial hyperplasia, although PBMNC stimulated with PHA, which could not make such TCR/Vf3 skew, did not induce the synovial hyperplasia. Accidentally, we observed a transient change of TCR/V/3 repertoire in the PBMNC of patient 3 before the superantigen stimulation. (43) reported that the distinct population of T cells with a certain TCR/V,/i were selectively expanding during viral infections and such population returned to normal at recovery. Therefore, the patient might have a certain infection when PBMNC showed a preexisting different TCR/V3 skew. Moreover, PBMNC from either one of the patients of the positive group whose SFMNC showed a preexisting different skew or two healthy volunteers could not induce synovial hyperplasia after the same superantigen stimulation. Therefore, the T cell populations oligoclonally expanding in the rheumatoid joints of the patients could be responsible for the induction of synovial hyperplasia. These results might support the pathological role of superantigens and "two step hypotheses" in the stimulation of the pathogenic T cells in RA as the following (41 ): a superantigen stimulates some populations of T cells expressing certain TCR/V/i~s, in which autoreactive pathogenic T cells are included. The activated autoreactive T cells migrate into the target organ (joints) and are restimulated by specific local autoantigens. Thus, the pathogenic autoreactive T cells expressing certain TCR/V/i~s could be expanding oligoclonally in the rheumatoid joints. In summary, the present observations in this SCID mice experimental system provide direct evidence of T cell mediation in some, but not all, patients with RA and suggest that the pathogenic T cells could be activated locally in the rheumatoid joints by certain antigens. Although the pathology developed in the SCID mouse in this experimental system is not mimicking that of advanced RA, the SCID mice reconstituted RA pathology could be a useful tool to clarify the pathogenesis of RA, especially the mechanism of the initiation of the disease.
